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Abstract. Microbial biofilms are active communities of microorganisms attached to a 
surface and surrounded by a self-produced matrix composed of extracellular polymeric 
substances, acting as a shield against desiccation, cleaning procedures and antimicrobial 
substances. No matter which biomolecule is most responsible in the matrix formation, all 
these extracellular polymeric substances can nevertheless be broken down with different 
enzymes leading to a disruption of the biofilm matrix and the removal of the biofilm. Enzyme 
treatments can be used to break down extracellular polymeric substances as an alternative 
when standard cleaning agents do not give satisfactory results in removing biofilms. The aim 
of the study was to analyze the activity of a protease from B. licheniformis against the biofilm 
formed by B. cereus and P. aeruginosa. Fluorescent microscopy and confocal laser scanning 
microscopy was performed in order to assess the effect of the enzyme on the biofilm structure 
and to characterize the biofilm formed by both microorganisms.  The results show that the 
enzyme used was more active against the B. cereus biofilm matrix compared to the activity on 
the P. aeruginosa biofilm matrix.  
 





Microbial biofilms are multicellular, tridimensional structures, attached to a solid 
surface and embedded in a self-produced matrix. This matrix is made of extracellular 
polymeric substances (EPS), mostly polysaccharides, DNA and proteins (Ohtani et al., 2002; 
Rasko et al., 2004) and act as a shield, protecting bacteria within the biofilm. Biofilms are 
therefore persistent structures, resisting to desiccation, cleaning procedures and antimicrobial 
substances (Schauder and Bassler, 2001), which makes them a challenge in human and animal 
health and industrial processes. EPS composition in biofilms varies greatly from one bacterial 
species to another and is strongly affected by growth conditions (Costerton et al., 1995; 
Kolter and Greenberg 2006). Studies showed that EPS influences biofilm shape and size, 
resistance to shear forces (Sharma et al., 2005; Stoodley et al., 2002), and resistance against 
antimicrobial compounds (Stewart and Costerton, 2001). 
Because microorganisms in biofilms can become resistant to chemical and physical 
treatments applied during cleaning and sanitizing procedures in the food industry 
(Chmielewski and Frank, 2003) enzyme treatments can be used to break down EPS as an 
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alternative when standard cleaning agents do not give satisfactory results in removing 
biofilms. Studies on biofilm enzymatic removal have been made using different types of 
enzymes mainly polysaccharidases and proteolytic enzymes. Lequette et al. (2010) used 
seven proteases and polysaccharidases to remove biofilms of bacterial isolates of 16 species 
sampled in the food industry. The efficiency of the polysaccharidases and proteolytic 
enzymes against biofilms was studied, as well as enzyme effects on composition of 
extracellular polymeric substances. Proteolytic enzymes showed a higher reduction effect to a 
larger range of bacterial species than polysaccharidases. Chaignon et al. (2007) in another 
study on enzymatic detachment of biofilm showed that enzymatic removal is dependent on 
the nature of their constituent and varies between isolates. In this study, Chaignon et al. 
(2007) tried to remove Staphylococcus epidermidis biofilm from five clinical isolates with 
periodate, Pectinex Ultra SP, proteinase K, trypsin, pancreatin and dispersinB. DispersinB 
followed by proteases (proteinase K and trypsin) were capable of eliminating biofilms of a 
variety of strains on inert surfaces. Many other studies have showed that proteases in 
commercially available detergents are already used to clean, for example, ultrafiltration units, 
contact lenses, medical apparatus, and laundry (Lequette et al., 2010). In addition, amylases 
are widely used in the formulation of enzyme detergents, mainly to remove food residues of 
starch-based foods (Lequette et al., 2010). 
The aim of the present study was to analyze the efficiency of the protease from 
Bacillus licheniformis in removing biofilms developed by Bacillus cereus and Pseudomonas 
aeruginosa on stainless steel surfaces. 
 
MATERIALS AND METHODS 
 
 Bacterial strains. In this research, Bacillus cereus ATCC 10876 and Pseudomonas 
aeruginosa ATCC 27853 bacterial strains were used. Stock cultures were stored at -50˚C in 
Brain Heart Infusion (BHI) broth (Biokar Diagnostics, France) with 20% glycerol. The strains 
were streaked on BHI agar plates with incubation at 37˚C for 24 h prior to each experiment. 
 Biofilm formation. The biofilm was formed on 316 (AISI 2B finish) stainless steel 
coupons (10x30x1 mm). The bacterial cultures on BHI agar (Biokar Diagnostics, France) 
were used to make an inoculum that matches 1.0 McFarland standard. This solution was then 
diluted 1:30 in TSB (Tryptone Soya Broth) growth medium. A quantity of 250 µL of TSB 
containing the bacterial strains were spread on each stainless steel coupons surface and 
incubated at 37°C for 72h in an incubator with 100% RH. After 72h incubation the stainless 
steel coupons were divided for enzymatic treatment and control for both bacterial strains used. 
 Enzymatic treatment. A Bacillus licheniformis protease (Sigma Aldrich - P4860 
activity ≥2.4 U/g) was used in order to remove the biofilm formed by B.cereus and 
P.aeruginosa. The enzyme solution was prepared using sterile distillate water. After the 
incubation time, the coupons were washed twice in saline solution (0.9%), and then were 
divided for enzymatic treatment and control. Each coupon was placed in separate tubs 
containing 5 mL enzyme solution or sterile distillate water for control and incubated for 60 
min at 37°C.  
After the incubation time one set of coupons (enzymatic treatment and control for both 
bacterial strains) were rinsed twice in saline solution then placed in separate tubes containing 
5 mL peptone saline solution. The tubes containing the coupons were sonicated for 5 min and 
vortexed for 2 min then spot plating was performed on BHI agar.  
The second set of coupons (enzymatic treatment and control for both bacterial strains) 
after enzymatic treatment was washed twice in saline solution then staining with acridin 
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orange (AO) for 2 min, rinsed with distillate water and air dried at room temperature. 
Fluorescent microscopy and confocal laser scanning microscopy (CLSM - Leica DM 2500) 
was performed to compare the effect of the enzyme on the biofilm structure and to 
characterize the biofilm formed by both microorganisms. CLSM images were analyzed using 
special computer software programs (ImageJ and COMSTAT). 
 
RESULTS AND DISCUSSION 
 
B. cereus is a Gram-positive, spore-forming bacterium. B. cereus is frequently 
identified as the causative agent of food-borne diseases. This ubiquitous organism can easily 
contaminate food processing systems (Kotiranta et al., 2000) and forms biofilms that are 
highly resistant to cleaning procedures (Peng et al., 2002). Pseudomonas spp. are 
Gram‐negative bacteria that are ubiquitous in nature and are among the most notorious 
spoilage organisms in food systems (Jay et al., 2005; Liao, 2006).  
The results obtained from the CLSM images analysed by COMSTAT (Heydorn et al., 
2000a, 2000b) show that P. aeruginosa compared to B. cereus, is able to form denser biofilm 
and is more efficient in occupying the surface aria even if they have the same thickness. 
Heydorn et al. (2000a) in a study on 4 Pseudomonas species biofilms found that P. 
aeruginosa colonized the entire substratum very rapidly (substratum coverage of 98-100%) 
and formed a uniform biofilm compared to the other three strains. The CLSM images are 
presented in Fig. 1. The surface to volume ratio reflects what fraction of the biofilm is in fact 
exposed to the nutrient flow, and thus may indicate how the biofilm adapts to the environment 
(Heydorn et al., 2000a). In this study the surface to volume ratio results suggest that P. 
aeruginosa biofilm is more adapt to the environmental conditions compared to B. cereus 
biofilm. It is known that Pseudomonas spp. are among the most well‐studied microorganisms 
capable of biofilm formation in clinical and agricultural settings (O’Toole and Kolter, 1998; 
Parsek and Greenberg, 1999). They are considered as primary colonizers of surfaces and can 
provide the biofilm backbone to which other bacteria could adhere and become part of the 
biofilm in natural and processing environments (Luo, 2005). 
 
 
Fig. 1. CLSM images of the biofilm formed by B.cereus (left) and P.aeruginosa (right) and 
some of the characteristics calculated by COMSTAT (scale bar 20µm) 
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The results showing the ability of protease from Bacillus licheniformis to remove the 
biofilm formed by B. cereus and P. aeruginosa are presented in Fig. 2. The protease was more 
active on B. cereus biofilm matrix showing 89.37% reduction (from log 5.93 to 4.94). A 
lower activity of the protease was observed on P. aeruginosa, removing just 56.25% of the 
biofilm (from log 6.94 to 6.58). One of the explanations could be the composition of the 
matrix or the specificity of the enzyme. Lequette et al. (2010) in a study upon the enzymatic 
removal of the biofilm formed by 25 bacterial species including B. cereus and P. fluorescens, 
found that the efficacy of enzymes depends on the bacterial species: proteases were more 
efficient than polysaccharidases in removing Bacillus biofilms, while polysaccharide-
degrading enzymes were more efficient in removing P. fluorescens biofilms. Johansen et al. 
(1997) have used a multicomponent enzyme preparation containing protease activity and a 
wide range of carbohydrases, including pectinase, arabinase, cellulase, hemicellulase, b-
glucanase, and xylanase activities (Pectinex Ultra) for removing S. aureus, S. epidermidis, P. 
aeruginosa and P. fluorescens biofilm.  In general, S. aureus and S. epidermidis biofilms were 
more sensitive to enzymatic removal by Pectinex Ultra than P. aeruginosa and P. fluorescens 
biofilms. S. aureus biofilm was most sensitive to Pectinex Ultra, as 1.8 Pectinex Ultra SP 
units (PSU) of Pectinex Ultra per ml decreased the cell number on the substrate more than 1 
log unit. P. fluorescens was the most resistant biofilm, as 1800 PSU of Pectinex Ultra per ml 
was needed to decrease the number of biofilm cells by 1 log unit. This difference may be due 
to the thinner biofilm obtained with Staphylococcus spp. or variations in the composition of 





























Fig. 2. Remaining B. cereus and P. aeruginosa biofilm (log CFU/cm
2
) after 60min enzymatic 
treatment on stainless steel coupons. 
 
The microscopic image analyses also confirmed the plate counting results. Aspects of 
the biofilm before and after the treatment can be seen in Fig. 3. The microscopic studies of the 
enzyme effect on B. cereus and P. aeruginosa biofilm revealed a reduction in biofilm cells 
and substantial degradation of the microcolonies attached to stainless steel surface. The 
reduction was more obvious for the B. cereus biofilm.  
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Fig. 3. Aspects of B. cereus and P. aeruginosa biofilm, before and after the enzymatic 




 Pseudomonas aeruginosa is able to form a denser biofilm and is more efficient in 
occupying the surface aria, compared to the biofilm formed by Bacillus cereus.  
 The protease from Bacillus licheniformis is more active on the Bacillus cereus biofilm 




This work was carried out with the financial support of the CNCS – UEFISCDI Grant 
No 902; 1101/2009. This work was published during the project ‘PILOT PROGRAMME 
SUPPORTING RESEARCHES OF DOCTORAL FELLOWS’, POSDRU/6/ 1.5/S/21, co-
financed by the European Social Fund through the Sectorial Operational Programme for the 




1. Chaignon, P., I.Sadovskaya, Ch. Ragunah, N. Ramasubbu, J.B. Kaplan and S. Jabbouri 
(2007). Susceptibility of staphylococcal biofilms to enzymatic treatments depends on their 
chemical composition. Appl. Microbiol. Biotechnology 75:125-132. 
2. Chmielewski, R.A.N. and J.F. Frank (2003). Biofilm formation and control in food 
processing facilities. Compr. Rev. Food Sci. Food Safety 2:22–32. 
 250 
3. Costerton, J.W., Z. Lewandowski, D.E. Caldwell, D.R. Korber and H. Lappin-Scott 
(1995). Microbial biofilms. Annu. Rev. Microbiol. 49:711–745. 
4. Heydorn, A., B. K. Ersbøll, M. Hentzer, M. R. Parsek, M. Givskov, and S. Molin (2000a). 
Experimental reproducibility in flowchamber biofilms. Microbiology 146:2409–2415. 
5. Heydorn, A., T. Nielsen, M. Hentzer, C. Sternberg, M. Givskov, B. K. Ersbøll, and S. 
Molin (2000b). Quantification of biofilm structures by the novel computer program 
COMSTAT. Microbiology 146:2395–2407 
6. Jay, J.M., M.J. Loessner and D.A. Golden (2005). Modern Food Microbiology. 7th ed. 
Springer‐Science + Business Media, Inc., New York, 790. 
7. Johansen C., P. Falholt, and L. Gram (1997). Enzymatic removal and disinfection of 
bacterial biofilms. Applied and Environmental Microbiology, 63:3724–3728. 
8. Kolter, R. and E.P. Greenberg (2006). Microbial sciences: the superficial life of microbes. 
Nature. 441:300–302. 
9. Kotiranta, A., K. Lounatmaa and M. Haapasalo (2000). Epidemiology and pathogenesis of 
Bacillus cereus infections. Microbes Infect. 2:189–198. 
10. Lequettea Y., G. Boelsb, M. Clarissea and C. Failleb (2010). Using enzymes to remove 
biofilms of bacterial isolates sampled in the food-industry. Biofouling, 26: 4, 421 – 431. 
11. Liao, C.H. (2006). Pseudomonas and related genera. In: Food spoilage microorganisms. 
C. de W. Blackburn, ed. CRC Press LLC, Florida, 507‐540. 
12. Luo, H. (2005). Identification of microorganisms in food ecosystems and characterization 
of physical and molecular events involved in biofilm development. Ph.D. Dissertation. 
Ohio State University, Columbus, 197. 
13. Ohtani, K., H. Hayashi and T. Shimizu (2002). The luxS gene is involved in cell-cell 
signalling for toxin production in Clostridium perfringens. Mol. Microbiol. 44:171–179. 
14. O'Toole, G. A. and R. Kolter (1998). Initiation of biofilm formation in Pseudomonas 
fluorescens WCS365 proceeds via multiple, convergent signalling pathways: a genetic 
analysis. Mol. Microbiol. 28(3):449‐61. 
15. Parsek, M. R. and E. P. Greenberg (1999). Quorum sensing signals in development of 
Pseudomonas aeruginosa biofilms. Methods Enzymol. 310: 43‐55. 
16. Peng, J.S., W.C. Tsai and C.C. Chou (2002). Inactivation and removal of Bacillus cereus 
by sanitizer and detergent. Int. J. Food Microbiol. 77:11–18. 
17. Rasko, D. A., J. Ravel, O.A. Okstad, E. Helgason, R.Z. Cer, L. Jiang, K.A. Shores, D.E. 
Fouts, N.J. Tourasse, S.V. Angiuoli, J. Kolonay, W.C. Nelson, A.B. Kolsto, C.M. Fraser 
and T.D. Read (2004). The genome sequence of Bacillus cereus ATCC 10987 reveals 
metabolic adaptations and a large plasmid related to Bacillus anthracis pXO1. Nucleic 
Acids Res. 32:977–988. 
18. Schauder, S. and B. L. Bassler (2001). The languages of bacteria. Genes Dev. 15:1468–
1480. 
19. Sharma, P.K., M.J. Gibcus, H.C. Van der Mei and H.J. Busscher (2005). Influence of fluid 
shear and microbubbles on bacterial detachment from a surface. Appl. Environ. 
Microbiol. 71:3668–3673. 
20. Stewart, P.S. and J.W. Costerton (2001). Antibiotic resistance of bacteria in biofilms. 
Lancet 358:135–138. 
21. Stoodley, P., K. Sauer, D.G. Davies and J.W. Costerton (2002). Biofilms as complex 
differentiated communities. Annu. Rev. Microbiol. 56:187–209. 
 
